INTRODUCTION
Glutamate receptors are among the most important molecules involved in communication between neurons because of their great abundance, widespread distribution in the nervous system, and central role in transmitting excitatory signals at synapses (see reviews by Hollmann and Heinemann, 1994; Petralia, 1997) . Glutamate receptors include ionotropic forms which possess ion channels (sodium or calcium), and metabotropic forms which couple to G-proteins, although some ionotropic forms also can associate with G-proteins and have metabotropic functions (Rodriquez-Moreno and Lerma, 1998) . Ionotropic glutamate receptors include four groups: AMPA, kainate, NMDA, and delta; individual receptors are made up of four to five subunits (Rosenmund et al., 1998) . AMPA receptors are the main mediators of fast neurotransmission in the CNS and usually are concentrated in the postsynaptic membrane of glutamatergic synapses (Fig. 1) . They include four main subunits, GluR1-4, as well as several splice variants (as is seen also in other kinds of glutamate receptors). The function of AMPA receptors varies according to subunit composition. For example, the presence of GluR2 in an AMPA receptor complex can render the receptor essentially impermeable to calcium. Kainate receptors tend to be less common than AMPA receptors. They modulate synapse activity and may be found presynaptically in some cases. The localization of postsynaptic kainate receptors is not well understood; they may be localized to the postsynaptic membrane or to the extrasynaptic membrane regions of synaptic spines (reviews by Lerma, 1997; Malva et al., 1998) . Kainate receptors include five subunits, GluR5-7 and KA1-2. NMDA receptors modulate synapse activity via the entry of calcium through the ion channel, and are key players in establishing long-term effects on neurons, including long-term potentiation. NMDA receptors are found in the postsynaptic membrane, although there is some evidence for presynaptic NMDA receptors (review by Petralia, 1997) . NMDA receptors include six subunits, NR1, NR2A-D, and NR3A (also called NMDAR-L or -1; Das et al., 1998) .
Delta receptors are poorly understood because they have not yet been shown to form normally functioning ion channels. Of the two subunits, delta 1 and delta 2, delta 2 is best known; it is abundant in the postsynaptic membrane of parallel fiber synapses of Purkinje cells where it may affect long-term depression (Kashiwabuchi et al., 1995; Landsend et al., 1997; Zhao et al., 1997 Zhao et al., , 1998 . Metabotropic glutamate receptors mainly mediate long-term changes in neurons and include eight subtypes, mGluR1-8 (as well as splice variants), found in both pre-and postsynaptic locations (review by Ottersen and Landsend, 1997). They include the best known examples of presynaptic glutamate receptors. Postsynaptic mGluR1 and mGluR5 are found primarily in the perisynaptic region (extrasynaptic membrane adjacent to the postsynaptic membrane).
A typical neuron expresses many kinds of glutamate receptors (reviews by Petralia, 1997; Ottersen and Landsend, 1997) . Not surprisingly, glutamate receptors show a selective pattern of distribution among synapse populations within a single neuron.
